Response to an exogenous calcium load was studied in 7 thyroid-treated sporadic nongoitrous cretins and in 16 normal children. An intravenous infusion of 10 mg/kg of body weight of calcium as calcium gluconate was infused over a 3-hr period. Serum samples obtained before and at 1.5, 3, 3.5, 4, 5, and 7 hr after the start of the infusion were analyzed for calcium, magnesium, and phosphorus. The base-line calcium, magnesium, and phosphorus values in serum did not differ significantly in the thyroidtreated cretins and in normal children. The infusion of calcium did not alter magnesium levels and no consistent changes were noted in phosphorus levels in either group. Mean increments in calcium levels, however, were significantly greater in the cretins at 1.5, 3, 3.5, and 4 hr after the start of the infusion. The response to calcium infusion in two children with a thyroid-iodine organification defect was similar to that seen in the normal children.
Introduction
In the past it was believed that major endocrine control of calcium homeostasis was exerted by the parathyroid glands. The recent discovery [6, 13] and isolation of the thyroid hypocalcemic factor, calcitonin (thyrocalcitonin), however, has focused attention on the thyroid gland as the site of a possible second major endocrine system that is important in calcium homeostasis.
Studies in patients as well as with experimental animals have shown that the intact thyroid gland protects against or counteracts experimentally induced hypercalcemia, presumably by secreting calcitonin [2, 11, 12, 21, 23, 24] . Because calcitonin is clearly present in human thyroid tissue [18] , the present investigation was undertaken in an effort to obtain physiologic evidence for the secretion of this hypocalcemic factor by the thyroid gland of children. The study was designed to observe whether thyroid-treated sporadic nongoitrous cretins differed from normal children in their response to acute calcium loads.
Case Material
Seven thyroid-treated nongoitrous cretins (3.5-14.5 years of age) and 16 normal children (17 months-15 years of age) were the subjects of this study. Before therapy all of the cretins were severely hypothyroid and 1S1 I uptake over the neck, measured from the base of the tongue to the sternal notch, was 3% or less. In five of the seven hypothyroid children, a salivary to blood m I ratio was determined to rule out the possibility of an intact thyroid gland with an iodine trap-668 Thyroid and calcium loads 669 ping defect. At the time of the study the cretins were all euthyroid as judged by clinical appearances, rates of growth, and presence of normal serum proteinbound iodine levels. The children had received thyroid medication for periods ranging from 8 months to 13 years.
The normal group consisted of children admitted for elective surgery and children followed in the well child clinic at the University of Missouri Medical Center. The normal children were not receiving medication and there was no evidence in any of a chronic illness or endocrine disturbance. All of the subjects of the study were ambulatory.
Two children with a thyroid-iodine organification defect were also investigated. Diagnosis of an iodine organification defect was established by demonstration of a normal thyroid 131 I uptake and a greater than 35% release of 131 I following administration of potassium thiocyanate. Similar to the nongoitrous cretins, the children with an iodine organification defect were under treatment with thyroid medication and were euthyroid at the time of the study.
Materials and Methods
The children received a low calcium diet for 48 hr and thyroid medication was withheld for 24 hr. No breakfast was taken on the day of the test. An intravenous infusion of 10 mg/kg of body weight of calcium as calcium gluconate was administered in 150-200 ml of 5% glucose in water over a 3-hr period. Blood samples were taken immediately before and at 1.5, 3, 3.5, 1, 5, and 7 hr after the start of the infusion. The serum was analyzed for calcium and magnesium by atomic absorption spectrophotometry and for inorganic phosphorus by the Fiske-Subbarow method [8] adapted to the Technicon AutoAnalyzer.
Results
Base-line calcium, magnesium, and phosphorus levels in serum did not differ significantly in thyroid-treated cretins and in normal children (Table I) . Infusion of calcium did not alter the magnesium levels and no consistent changes were noted in phosphorus levels in either group. Figure 1 reveals the patterns of response observed in calcium levels induced by infusion of calcium in thyroid-treated cretins and in normal children. The change in calcium level was plotted against the time in hours after start of the infusion. It can be seen that, in most of the normal children and in all of the thyroid- treated cretins, calcium levels increased above base line at 1.5 hr, then continued to rise to reach a peak at 3 hr, at the time of the completion of the infusion, and then declined toward base-line levels or lower during the next 4 hr. Of interest was the variability in the magnitude of changes in calcium levels observed within each group. Although there is some overlap, it is evident that there was a quantitative difference in the response of the two groups reflected by the predominantly higher curves found among the thyroidtreated cretins.
In Figure 2 mean increments in calcium levels above base line are compared in the two groups of children at each of the time periods studied. Mean increases in calcium levels were significantly greater in the cretins at 1.5, 3, 3.5, and 4 hr after the start of the infusion. Mean change above base line in scrum calcium level at each of the time periods studied during and after a calcium infusion in 7 thyroid-trealed nongoitrous cretins and in 16 normal children. Vertical bars indicate it SEM. Differences were significant at the following times: 1.5 hr, P < 0.01; 3 hr, P < 0.01; 3..' ) Jir, P < 0.05; 4 hr, P < 0.05. P values according to Fisher's Student I test.
The greatest difference was observed at 3 hr when the mean increase in calcium level was 2.56 ing/100 ml in the cretins compared with 1.46 nig/100 ml seen in the normal children. Although the mean changes in calcium levels of cretins were still greater at 5 and 7 hr, the differences from the normal group were not statistically significant.
The patterns of response of two children with a thyroid-iodine organification defect were similar to that found in the normal group.
Discussion
The results of this study indicate that thyroid-treated cretins counteract experimentally induced hypercalcemia less efficiently than normal children of similar ages. At least three factors need to be considered in attempting to explain this finding, namely, activity of parathyroid hormone, thyroxine, and calcitonin.
A greater than normal rise in calcium in serum following calcium infusion has been observed in hypoparathyroid patients [11, 14] . The reason for this is not clear, although it has been speculated that prolonged hypocalcemia in these subjects might impair calcitonin release in acute experimental situations [14] . Base-line calcium levels were normal in our patients, however, and, furthermore, there is no evidence to indicate that parathyroid function is abnormal in thyroid-treated cretins.
There is evidence that both thyroxine and triiodothyroninc increase rates of both bone formation and bone resorption and thereby are important in regulating the rate of bone remodeling [20] . Thyroid replacement in thyroidectomized rats influences the response to experimentally induced hypercalcemia, although it does not restore this response to normal [10] . Since the cretins were on thyroid replacement and were euthyroid at the time of the study, thyronine deficiency does not account for the impaired ability to counteract hypercalcemia.
Calcitonin deficiency appears to be the most likely explanation for the abnormal response to calcium infusion observed in the thyroid-treated cretins. Based on results of animal studies [1, 4, 7, 9, 15, 16] , it would be expected that administration of a calcium load to normal children would stimulate calcitonin secretion which in turn would counteract hypercalcemia by inhibiting bone resorption. If calcitonin-secreting tissue were deficient or absent, a comparable calcium load would be expected to induce a relatively greater degree of hypercalcemia than was observed in the nongoitrous cretins. As indicated earlier, an abnormal response to calcium infusion has been observed in thyroid-treated adults who had deficient functional thyroid tissue secondary to thyroidectomy, 131 I therapy, or idiopathic spontaneous hypothyroidism [11, 21, 23, 24] .
It was of interest that when the calcium infusion was stopped at 3 hr the decrement seen in serum calcium per unit time over the following 2-hr period was greater in the cretins than that observed in the normal children (Fig. 2 ). It appears likely, therefore, that the greater degree of hypercalcemia induced by the calcium infusion led to greater inhibition of parathyroid secretion in the cretins than in the control subjects. Furthermore, the higher plasma calcium levels may have resulted in greater urinary excretion or bone deposition of calcium, or both. Any one, or a combination, of these factors could have influenced the results and accounted for the greater decrement in calcium levels in these children in the postinfusion period.
The site of origin of calcitonin is the thyroid C cells, also called the light or parafollicular cells [3] . In view of the results of our study, it is pertinent to point out that the thyroid C cells, which secrete calcitonin, and the follicular cells, which secrete thyroxine, have different embryonic origins. The bulk of functional thyroid tissue (follicular cells) originates in the medial endoderm of the primitive pharyngeal foregut, and migrates caudad from the foramen cecum. The C cells, however, are derived from the ultimobranchial body which originates in the terminal branchial pouch [19] . During embryonic life, the ultimobranchial body fuses Thyroid and calcium loads 671 with the descending thyroid gland where it gives rise to a scattered population of C cells. In lower forms, such as fishes, reptiles, birds, and amphibians, the ultimobranchial body remains a distinct structure separate from the thyroid gland. In a recent study we have shown that there is a direct relation between dietary calcium and ultimobranchial body activity in the chicken [17] .
if the abnormal response to calcium infusion in the present study reflects calcitonin deficiency, it suggests that physiologically adequate C cells derived from the ultimobranchial body may not form or may not survive when there is congenital absence or marked deficiency of thyroid follicular tissue. Although studied in only a small number of patients, the normal response to calcium infusion in children with an iodine-organification defect suggests that the functional activity of the thyroid C cells is not compromised in this condition.
Currently, radioimmunoassay techniques are being developed for the determination of plasma calcitonin levels in humans [5, 22] . Confirmation of the physiologic significance of calcitonin in explaining the results of the present report awaits future studies with a sensitive immunoassay procedure.
Summary
Calcium infusion induced a relatively greater degree of hypercalcemia in thyroid-treated nongoitrous cretins than in normal children of similar age. It is suggested that this may be the result of calcitonin deficiency in the nongoitrous cretins.
